ABSTRACT
INTRODUCTION

33
The Laurentian Great Lakes are highly susceptible to the establishment of invasive species and,
34
of the approximately 180 non-native species currently recognized in this region, the sea lamprey
35
Petromyzon marinus represents the most pernicious threat to fisheries. Despite suppressing sea 36 lamprey to c. 10% of their historical peak abundance, the attack rate on economically valuable 37 fishes remains unacceptably high, threatening the sustainability of commercial and recreational 
44
Control of non-native sea lamprey is also partly achieved through the maintenance of For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. 4 traps) (Heinrich et al 2007) . In all cases, the traps are passive (i.e., unbaited), capturing only 56 those lamprey that choose to enter the device.
57
The poor performance of sea lamprey traps has been tolerated as captures are used solely and attempting to manipulate those movements to increase capture success.
70
A number of physical modifications have been attempted to improve performance (e.g., This study was designed to test the utility of applying sea lamprey odors in a push-pull 102 configuration to a river containing a single barrier-integrated trap in order to improve trap 103 performance. We hypothesized that applying an extract containing the putative alarm cue 104 (hereafter referred to as "alarm cue") to one-half of a river channel opposite a trap location will 105 create an 'exclusion zone', thus increasing the likelihood an upstream migrating sea lamprey will 106 encounter that trap by driving them to the area downstream of the trap (our 'target zone'). And (2013). We predicted the following responses: (1) odor application will reduce the proportion of 114 sea lamprey migrating through the 'exclusion zone' compared to nights without odor application;
115
(2) the proportion of sea lamprey captured by the trap will be higher on nights with odor 116 application, compared to nights when no odors are applied; and (3) the time taken to encounter 117 the trap will be reduced on nights when odors are applied compared to nights with no odor 118 application. For all tests we compared push only with push-pull applications to discern whether 119 any observed improvements in trap performance were attributable to the presence of 3kPZS. 
MATERIALS & METHODS
122
Study location
The experiment was conducted on the lower reach of Carp Lake River, a tributary of Lake no odor was applied (control), 10 nights when alarm cue was applied to the stream (push), and 168 10 nights when alarm cue + 3kPZS was applied to the stream (push-pull) (Fig. 2) application (mean 37.08 ± 6.1 S.E.) (Fig. 3) For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
13
Prediction 3 -Treatment affected individual transit times on the night of release (F [2, 363] 
253
= 11.619, P < 0.001; Fig. 4 ). Sea lamprey located the trap 54.1% faster during alarm cue 254 applications (P < 0.001) (mean 14.7 min ± 1.54 S.E., range 1 -86.1) and 53.5% faster during 255 alarm cue + 3kPZS applications (P < 0.001) (mean 14.5 min ± 1.8 S.E., range 1 -122),
256
compared to nights without odor application (mean 27.1 min ± 2.9 S.E., range 2.4 -153). There 257 was no added effect of 3kPZS on transit time (alarm cue vs. alarm cue + 3kPZS, P = 0.998). River is 8 m wide at the trap site, 2.5 mg 3kPZS hour -1 was applied, and sexually immature sea 303 lamprey were targeted, the apparent lack of a response to 3kPZS may not be entirely unexpected 304 in the study given these new data and the circumstances in which it was applied. Employing For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
suggest re-examining the push-pull configuration as a sea lamprey pest control strategy once the 320 full migratory pheromone mixture has been identified and can be synthesized.
321
Despite achieving a high rate of recapture when applying the push and push-pull River between the hours of treatment application (21:00 -01:00). Alarm cue was applied to the 556 exclusion zone (left) and 3kPZS was applied to the target zone (right). On nights when odors 557 were applied, fewer sea lamprey were detected within the exclusion zone, compared to nights 558 when no odors were applied. Differences between a and b were significant at the 0.05 level. For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
